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SPINl CW(OSAON OF SAMZWZJ ian=~ KMIUTt-R
By Tim Rem!Ay MmwUIOx PRiX=s (U)

(Comn"flZIAL) BM;

Uto deterte e efc fcatale ,_nfcuigpt-ltr o nes
'4 'bulllt jyjW metylurgical ccwpensption. efet and to dettrmine the highest

-* a tion fre~iency tzat cn. be -tttained w.±ii this metboa of line~r
* sianufacture under preaent conditions.* The optl.num cccqpensatior. spin-..ateH isIn shown to have a aeT eoti .l shif vith a vsriation in Process parameters.

- These spin compensatilon frequencies are predicted from the exwJntion of

eleven lots of 9O0&m expl~i&ntal liners vuries with chainge of proceiis

parwwetern, and covers the raage of fr-ecuencies from min~us 25 i-ps t

Plus 35 i-ps. The predictinns or OPtis-M coz!peInation frequ~encies are[ -verified by penetration ;vs rtation cperirents coilducted ct Plbatinny Arsenal.

Resulte of -the present, test axe co~r)DrraI with those of previous

experiments, apd the usefulness of the distortion angle as -a n'pecifietton

for optimm compenstton frequency is ccnidaed. The relatt;o merits of

rotary e~rtruxed and fluted liners wxter condit3.ons where eith--r can be used,

Ii- are discussaed.A
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Tbe pei~stration perforraice of- shaped-' charge amrnition is ae~adid

&mteproj,)e.tile is rutAted: Tht deleteriouss rotation effecti' have'

' ~ be -oyocooe-t.y liners wtaufact.)rei by s..z, f~~s extrusaion 3iramess.

*This 'pioce.ss8 yesutas in Rpin comptnvation vL:, h ai.aiaizes thie effects of
rotation, but is, effective only ht lov apin-ratew. Previcus experlments
hrave indicated that an optim~a spin coispexsation (the rotatiosiel freqaency,

awhich the beat pen-etratio.perforwoace of the round is ottine4) depends
on Ithe nanufact-uring paranetcri. The 1allistic eaearch Laboritories

f... * . .conducted an invtstipAt~lon to detervine whether or wot a correlation actually
ex;~~ betk= naufacturIi4 parsaetersa nd optimum spiin comrpenstiozi.

In 1.951, a group o f shear-for-med co~pper liners fir3d sat icm.i (i.e.,

ieithout rotatior, at t;:-C '~iti fttach. ies gave poor peuetratias

rprforwawne , -cnihe jietts ,7srveA radio-raphiceaUy were foun to be badly
fralptented , . To Ipprove' the inett ILuricalX -structure, the liner was heat
treted to 9OOeC for one hour. When fired, thc~e recrystai:.xed- lintra. gam
immroved penetration performan-e . The poor static fixing performanco. was

largely e1,'"4natedi by this heat trestm~att, and a jet Vrhieh ia norwmolly

x mentd as t .- nsfv-wmed to a coutin~As jet .Tbeae IY vta were

~1 n&. correctly itterpr&Uted uAa ez prixents by the Firestone TL-e end

/Rubber Cc.,pany reveliled that .iners from the acne group- (ikitbout heat
trtatiient) shoved a I'koi ~1 -ration at P_ rotaxLton frequency other than

zero . ubsequent pime~ration-rotutio;- ezperiments ivith t iese ahear-
formed liners s'how.ed tht theyr heal -a =x)u r'enntration at a Is.in-tatit of

~mina ~ rps. ~e existcnce of "~Iulit in" metallurg cal spir zomp~msatio

Laz the liners then vas verified vith flash rfdiogreph~j4 .

The results ox two sepakrate emparinents at Pirestone 6,8 Mg'irtrd a

* correlation betwveen tht minufacturing par-eters, for rotary eztrxded liners

and the obsorved spin cc\'ensation fretzency. The spin comenfua7,ion

I Proces n i rz.ufacture. o r 2 ~ a

I wten viwdfroan the rear. This corre'.zonds io a right hand, twist
)f rifling in gun.

j .* ~ --. 5

- '~ ~ £L



frequencies rwenge t-ce minus 15 rps to 3ls 0 rps. The -Yirestone reporte

indicate that the weaure of d ivtbrtion ..ngie; ., or metal displaceaent. to

deperdeint on the conditions or liner matufacture, 0,04 +!!at the ciitimwa spin-

ratevriwex- in a linear fashion with "0P.

Teobjective- in-this- erp~eximent -vai to reinvestigate the rotary

extrusion process of liner naaufs~eture tmder controledaal preciae wiu-

1acttring coaditi~ra. The InvestizMt.on~ extenided- over a wide ras*& of

disutortion angles, Q. The. aimate -gotA vas to determine iether !V was

a tfue measure of. the *built iri" coaptesation, and to find tht greatest

vsaue of optimu cam pezsation frequency obtained vith thesae rotary ertrded

The evaluation was a joint effort betwen Ficatlrny Arsensal and the

Y~A1-iatic Research I4:6oratories. The program was dividei, Into three Phases:

(a.) The Citeruintion of optiwir. cc--yenaatiow freaomcies at the

paiL by f:Ash radiograph-ic techniques, vrhich Is reportedl herein.

- (b) Theocbeervation of oytix.,m frequency drtermintd independenutly at

Piemtinny Arstnal by penetration -rotation cxperLnents vhi,:h willb reported

on separately, and

(c) investigation of the bas.lc reehenirzi respotsible for thisFee11ria epuaih hc Alb er'.do easeyb h ?9
Th dtemnaio k ptmm.frqenie itn ,abcr)byf6s

radogap:'c tchi~esyiede rsuts vth a o etn te

sic oal a fa -iig wer -eard as eur -. to peerto eximet

*.c reur Ureeonso agtI.rilsdalrS ubro
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A. DIescription of Pfacess

The pro- esr. of rotaxy cxtruAiowemployred at the Craft Manrsering
Ccepen, hiei~, Ilinis v~t~ ~d1~edi the l1"ne--tested, is illuiaargted

v; in Figur* 1l. The 9operation starts by stanp14~ *An cutipink -&- blank or Oik
copper sheet, 3.5 inches in-diameter, vita an-ixiitial. tliickness of 0.225

1' inches -(foee 90w' coze). Trh& blAnk is-.centered- in position oa 'the vsadrel.,
A live cntet clv=:is~ the Uner material. on the v~ndre1. Vith the blenk in
psition, a free3ly rotating~ fring tool of corbailoy steel (ten inches in

dameter vzd one inch th-ick) is Lyj'rauieally %*7ed toiard th6 conical

secti~on 0± the live V-.er. When the tool rtaches xhc conical Secticin, it

ia stopped ind. al crosvitcht coutv-.tarts it. oving dow-znI~ to foni the

one. The material is t .±rf~ betwreen the rotating ssavkel and the

Iroller of -the forsing tool to the a.enirea lInar ajcckfioatIons. (The

pu-tAcular liners ae mautur&Cerigt dravdrg I%_13.1910, cone
gowu iW1&46. The tone angle is 450 =a~ fiasi cone ti kzx-mjzs is.-0.093

in~ches). Af~ter the 'linex bas been. completed, the roller r-eturnu to its

1* '~ starting positioni, and another blank is inserted.

j B. PwEr,%tera nd~ ~ eei of eorr~tton Angle
The zafotizrlng prraxeters of rate end. direction of rotation of 'the

mmn~ra"l xz~ etwcn, wVn rat-, vf foed of the forsin tool naW, be varied.

incpenently, vrlthin thet deal.-Cn Unita of t.%, ~ieoa t. The overall

of fett of these pert- '.teri s wasureil by the nnzowo of ='Lal apla34cewet
-lrig the, 012es cIooeyez~sin t thihmiefsa of the blank =Ivrial

=ny be reduced 60% lai one pn-,ss of the for-tnaS vhfia. A t.",istSZS -tonIt

kr;led to the ria l as it is thinned. Thta. ,Oi'nt used by

the tvietipe iction in designatetl as the deormatioa wqgie , G12' Tbhis angle

"0" is dete=nend by means ol. 4tvo lines scribet. on the at n3 9dat to each
othc*,, and lnteya-ctlag at the gwvnetrio center of the bl=nk (apex of the

oone) ap. 23ho~ in Figure 2a. The r-cribed blank is then rotsry extruded with

*( xT oxy Free high conductvity.

T2



CCKIMNTIkL

tb. mcrilme& surface In contact with the rotating mri;drel. A old SW'2

dexiped 1 y the mazwteeturer is tnserted ii th...lIaor to meaur*

diety(sep 7i,!ure 2b). Th4 z;ero lI!e of the sri8:g. the 0.65

dau- :4 I -%.aiiced,.ith q&-.h of the a~ribed 1i-!&an~ the con*.

)Ile~np-- to thbuig - UQare iskk at~ the int-erstction of the scribed

* line with the 2.W'4dtuo, clxclu4 on the Sid'Mzs. in Figure 2c, th.e

eferotion angle fa.-TseA by the aoribea lines -.iith bo~th cbzckvise and
[ counter clockvise rotation of the mw k-el, indiontes the displacement of

the scribed lines.

In order to Yxry the defcr-, tion amgle, the .asuufsctmre rotated the

mandrel at 1800 rpm either clocbdse or counter-cLockvise, and ari A the

*roller Cfeed raite fr-W 0.78 inches pcr rinute to 1s'.02 Inches per xmtte.

This covered the range awdilable* with the 'txiqting rot&-ry extrusion

equiptents.- The noitima. deformation 3.ngles vere L-o'ure4 a ItoUows: -15,

-10 - 5p Q., +5, +10, 415s +20, +25, +35 and +4I5 dt~v e:s. The nmenufaaturing

CONY!DI.NTlAL
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A. 71ash M412EIogaX
Allhoegb fla"*h radioraphs ver*. obt.4j-A fti% each lot of liners* a

rev iflustrationxabsould suf ice -to ;Lwo the type of remauts obtained,

ard~hvwthly vecre eval~at*&. Th-e optS'i spin c- apen::xtio -vas deternined

vlea severely fra.5eated or bi±'urcttecl jet irlcate- spin frequencies far

remov.ed froa..he optizuzi. The sequenuce of rl-t.!h raiorapls for lots A and

K, the t*- extremee of the Iota testel (defor.;=tion wn~les of :nusi 150 an

pnrgur 45 IThI'ea re givn irde ofue 3ad4

7he jets tr=c unroteted I.bglr's flor each lot, A throughi K, are sho~m

xfrom lttt to right. Prca pictures. ta~en in this manner, the degree of spin

corenp~tion It a perticular lot iz Lzeictf-d by the w.ount of framentastion.

Tbe vort severe the fraV~unLittia 6xd hif= Uton, tbe , e the'de.Zree of

"buiilt Wn spin csaipensat-on. T~he utnitude of npin c.;Pp",ation irree

c=- ot be- interpreted froa the rm1io,-tpba in Fismze 5. Hovyer, the

qup'lttive natre of the jet, com~bined witli the ~l&eof irvnuacturing 1
~eallU.ois o..- to place the jcte in the proper se~ieitirl t-nt

Fram the, Lkterpretztio-- of thae -jet photographz, it can be e'.n that lot KC
(Y!Eare 5K) Ma W biher spin compenzstion frequencyte lot A("iueS

thie lotz C and D (rI_,nxe 5c and 5d) have tesr spin cczpensation than lots

A or X.

The pvrformczzice dnta, bazel on eat-rznteo f rom &11 the radlogrspbs, are

Pr-en' i le 1 . The~ cipti-un fo ea~ch tev ofL anufzz-turL~n paranetera
vss etate-a by interpolation from the rd~ornphu, a ayahctriceal pnttern

ebv--t tht optimmu having bee-n fibown to exist in a satticient nunber of car~es

to v~rret the "sirrption that it existet in all cazes. Tabulat--?d with these

data are the penetration-rotation p~erformance data obtain--I at Picatinny.

ArstcThere is agreement, within the experinental error, between the

CrANMXENTIAL



tnL' predictions &nd those from firings couductad at Picitiiny. Ara1.

The p"enetration-rotation firings give. a: mximm penetration of 16 to 17.

inches of mild steel at a five-inch standoff. The gen-rel appearsct of

the Jets, as observed tn the flash radiographs for al -lots; ir2icatew

that the penetration at optimum frequency for all groups should be at the

same level,, and that-the optirmu frequency shifts progrestively as the ..

dcf6rmatinn angle passes from minus 150 to plus 450 .  n igure 6, the

spin comp.nsation frequency is plotted as a function of tb6 deformation

angle. Le&st square fits of the 6,served data b-a.s- on flash .. o~aphr

.' of jeti, and two 6ets of separate data obtained previously by Vi-ea;oe 6 '8

in penetratioa-rotition experimentis frai similar liners are. given. The ¢-ta

obtained by the flash radiographic techniquea are represerted by curve ,i[ad the YL-estone data by curves 2 an:1 3.

Flash radiaog:=phc teqhniques provide a more sen-iitive method.cf
deteraining optimum pin compensation frequencies Man the penetration'-

rotation experiments. The penetration performnce c uve Is quite flat

near the optinum frequency, and the precise frequency of compen.s-on for

the peak penetration in diff'cult to deteraine fro this type of data.

However, the distinguishing feature&-of a spin compensaticn Jet ob&t-led

fr= flash radiographs allow a more precise selection of the cazpe-sation

frequaeny to be nade.

The data collectrd at the Ballistic Research Labortories cover a

larger range of deformation 'tngle, then those represented by the Firestone

experiments. Over t6: Age of defornia-+.;.or -ugles covered by both the

Firestone and BRL data, the optimum spin coLpDEnOt. 4 fre~iuency dcec ntc

differ by more than five rps for any particular angle. The :ror in

estimating the cepensation frequency from flazh radlographc is considvred

to be + five rps. The curve represented by the more extensive Firestone.

data, curve 2, tollows the RRL data rather closely (curwe 1).

S . 10
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W. on-destru)ctlyp xnvpectic ?eehniq
Results of the f!Ash rsiiorrmphic Investigatim- hv beeik cormtat

u~ith results obtained. in a oep~rate i~nvestigatio on fduot4a4 )b'-OGqmr ind'
of'86 Wthe BRL. Ssmples ot rotary extruded liners taiken from i

lots u~ed -here were- subjecteM to, ba_4k-reflectXon x-ray diffrs~etion. studies
at several differemw depths t3L-v.4* the voll. thickness of the liner in

-order to determine the pref-rred or~ientatlon in the .cryata. structure
that is £ -xoduced by the~ netbod of manufacture. W(asuremetits- of differew-es
in tvo intensity mnxizzm in the pre.ferred orientation- vere correluted vith
the optiama spin frejutmncies obtainte Prcm eaab lIner type. Fisure 7 is
a plot of the optimum spin f _.uencies determined by the radiographs of
teh- liner group vs the diffe-mrnte in intens8ity k~ia. appc ~ _-t
linear relationship rexulted.

Yurther attud-Aez Lave- iniceA ti3hat a conpltx relfttionshilp exiets
betveim te surf-ace =rt nt-r-ti= *a the orineatatirk in the rteriel iwder
the zurfact. it i3 b'&I~eyed jbst the sub-surfaie,rientation Is the
d&.ermininS factor in th~e net.R&lurgical upin =ocpmsation 3phenmenoa.

C 11 N
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IV. COW.LWIOPS

These experimental. reulfs indicate thtA, vith present knowle4o e

lters afsctured by thk rdtary extrusion process can be c omnersated to&,

Srotation- effcts up to frequencies 1 45 rph

cop&ation freq ieUcy attained- in these e tlens'e"rps previous

experiments u 10'mio uhear-fo-med liners have shown a comwesation

V frequency limit of 45 rps

The possibility 5f attaining higher optiurza spi-rates by the rotary

extrusion metho.a o liner anufctAre does not appear promning. Liners

with defor~ation angles greater thn 4P are dif.Icult to proauce vith

good dimensicnal qua ity. The 3iners of lot K (+ 450) showed annular tool

rings near the ,liner apex, and a group of 105Mu Inters v-It a 900

.deformation angle had a considerable dtviation from liner to].er'nces

The optimun frequency for the -onc with a 90° distortior angle vs 20 rpJ7.

The ext.rimeatal evidence indicates that the defor-ation angle for maxima

compensation frequency-reaches ws upper l =it and then decresse "with
increa. zg deformation angle.

For. the 90= T00 EAT round which requires an optixnm com naetion

frequency of 25 zpa, an itspecion technique of the deforzaticn angle

measurement between the range of 1,) to 3f is sufficient to obtain the

required com enP,'ion fr-.quency for this round.

Consideration ebould be piYen to geometrical fluted liners at lower

spin compensation frequencies. Flute. liners desiged. to compezate

at. 30 rps (90mm 1I108) have been teted. and penetration performence was

greater than thalt obtaLned with rotary e-trnded liners. For compensation

at higher opin-rates, the flute. liner is necessary, since rotary extruded

liners have not been Phown to compensate above 45 rps in any caliber.

T. Rt. KMAT
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I FIGURE 4 -FLA$H RADI~GRAPHS OF JETS FROM LOT K AT VARIOUS FREOUEN-
CE OF ROTATOU' VITEI A NOMINAL DEFORMATION ANGLE OF +45".

':() -3O0RPS, (b)- 5 R S, (c) iOIN-ROTATE, (d) +5 RPS, (e) +3O RPS,~(1) +45 RP$ (g) +6 RPS
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FIGURE 5 -FLAS H RAW N\P OF JETS Or THE _L.VEIN LOTS OF ROTARY EX-4TRUDE LINERS. THESE, (OUJDS WERE FIREO STATICALLY WITHOUT RCTATIbM.

THE JETS wI'rH GREATEST APOUMT OF FRAC.MEhNTTIOr"N 11 10CTE LUV\ERS WITH/
HMG41'S[ t:;Of,'EusA'Fv0N FREQUFENCY, THE RADI0CPP,.S k.E VIEWEDC FROhl LEF'T i
TO RIGHT %.IYTH THE DEFORMAT1O4 ANGLE CHAM, uG i:R01. -iV To +,i5 ° .  FIGURE J CONTINUED

1oLOT A -15-. (b)LoT r -I0-.,(c)LOT C -5-,(d)LOT D O',(a)LOT E +50 , IfLOT F t10r (9) l.¢!T + 150, (h)L~
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